Introduction: Data on the long-term outcomes of Asian patients admitted for acute decompensated heart failure is scarce. The objectives of this study were to determine short-term, intermediate-term, and long-term survival among patients admitted for acute decompensated heart failure in Thailand, and to identify factors independently associated with increased mortality.
INTRODUCTION
Heart failure (HF) (1) is a common condition with a prevalence of approximately 0.5%-2%. (2, 3) Its prevalence has increased over the past decade, especially among the elderly. (4, 5) HF accounts for 0.3%-3.0% of all primary diagnoses that require hospital admission. (3) Despite advances in the management of HF, the mortality rate remains high in both Western and Asian populations. (1, 6) HF-related mortality during hospital admission was reported in many studies to range from 3.8% to 9% in Western populations, and from 2% to 6% in Asian populations. (7) There are regional differences in HF outcome, which may be related to healthcare infrastructure, quality of care, access to healthcare and other environmental factors. (8) Even within Asia, there are differences in the phenotypes of HF and comorbid conditions. (9) In Thailand, 6% of patients admitted with HF were reported to have died in hospital. (10) It was estimated that 17%-45% of patients who were admitted with HF died within one year, and more than 50% died within five years, regardless of aetiology or gender. (3) Data from the Asia-Pacific Acute Decompensated Heart Failure Registry (ADHERE) showed that the average age of patients admitted for HF in this region was approximately ten years less than that of patients in the United States and European ADHERE. (11) (12) (13) Additionally, their clinical presentation appeared to be more severe than in Caucasian populations. A better understanding of clinical presentation, survival/mortality, and comparisons with other countries and ethnicities is needed to improve the standard of care for HF patients in the Asia-Pacific region.
Accordingly, the aim of this study was to determine short-, intermediate-and long-term survival among patients admitted for acute decompensated HF in Thailand, and to identify factors independently associated with increased mortality in this patient population.
METHODS
The 2006 Thai ADHERE study included 18 medical centres from across Thailand and was conducted using a protocol similar to that in the ADHERE study conducted in the United States.
Ten of the medical centres were university hospitals, three were government hospitals, and five were private hospitals. Patients aged ≥ 18 years who were admitted with a primary diagnosis of HF were enrolled. Patients with cardiogenic shock, preoperative HF or HF as a secondary diagnosis, or comorbid conditions were excluded. The principal investigator at each centre was instructed to enrol consecutive patients. Index cases could be newly diagnosed acute HF or chronic HF with decompensation. The diagnosis of HF was verified by a cardiologist in each included case. This study was approved by the institutional review board of each participating hospital. All patients gave written informed consent prior to participation.
The data for this study was derived from the 2006 ADHERE Thailand, with the aim of evaluating short-term (one-year), intermediate-term (five-year) and long-term (ten-year) mortality/survival. Medical record data was collected from first contact at the emergency department to the time of hospital discharge, transfer to another hospital or in-hospital death. The following data was collected and recorded: demographic data; medical history; causes and precipitating causes of HF; clinical presentation; investigations including left ventricular ejection fraction (LVEF); hospital course; medication (oral and intravenous) given prior to, during and at hospital discharge; procedures; and death. An electronic data capture system was used to collect data from the participating medical centres. Data from each site was entered into an electronic case record form in the Web-based system. All data was verified to ensure accuracy and completeness.
Longitudinal unique identifier (LUID) software was used to anonymise included patients. Each patient's LUID was stored in the database and used to track patients' hospital re-admission and clinical outcomes. In-hospital death and cause of death were recorded from the hospital discharge summary. Out-of-hospital mortality data, including date and cause of death, were collected from death certificates on file at the Thailand Bureau of Registration Administration.
Demographic and clinical data were summarised using descriptive statistics. Continuous data was presented as mean ± standard deviation, while categorical data was presented as number and percentage. Student's t-test was used to compare continuous unpaired data, and chi-square test was used to compare categorical data. Univariate and multivariate Cox proportional hazard ratio analysis was performed to identify factors independently associated with increased risk of mortality. Variables with a p-value < 0.2 in univariate analysis were included in multivariate analysis. A p-value < 0.05 in multivariate analysis was considered statistically significant. All data analyses were performed using IBM SPSS Statistics version 20.0 (IBM Corp, Armonk, NY, USA).
RESULTS
A total of 1,451 patients were included. Their mean age was 63.7 ± 14.4 years, and 49.7% were male. Baseline characteristics were compared between patients who survived and those who died during the ten-year follow-up period (Table I ). There were a total of 1,064 deaths at ten years, an overall mortality rate of 73.3%. Many parameters from the medical history, physical examination and laboratory data subsections were found to be associated with increased risk of mortality. These included diabetes mellitus (survived 31.0% vs. deceased 50.3%; p < 0.001), hypertension (survived 48.1%, deceased 67.1%; p < 0.001), rales (survived 79.1%, deceased 85.2%; p = 0.006), LVEF (survived 48.3%, deceased 45.4%; p = 0.011) and serum creatinine (survived 1.47 ± 1.54 mg/dL, deceased 1.95 ± 1.75 mg/dL; p < 0.001). Certain medications were found to be associated with decreased risk of death, such as angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) (survived 59.2%, deceased 42.6%; p < 0.001) and beta blockers (survived 30.2%, deceased 23.0%; p = 0.005).
In our registry, very few patients (1.9%, n = 28) received cardiac implantable electronic devices (CIEDs). Among them, three had a cardiac resynchronisation therapy defibrillator, three had an implantable cardioverter defibrillator, seven had a cardiac resynchronisation therapy device, and 15 had pacemakers. (Table III) . When all three types of data were analysed together, elderly status, history of HF, stroke/TIA, use of cardiac devices, oedema, reduced ejection fraction and anaemia (haemoglobin < 12 g/dL) were found to be independent factors associated with increased risk of death. In contrast, taking either ACEIs or ARBs was found to be an independent predictor of decreased mortality.
Survival graphs of patients in the Thai ADHERE relative to total death, cardiovascular death and non-cardiovascular death are shown in Fig. 2 . More patients died of cardiovascularrelated causes than non-cardiovascular-related causes (581 vs. 483, respectively) (Table IV) .
Overall mortality at one month, six months, one year, five years and ten years was 8.1%, 21.1%, 28.0%, 58.2% and 73.3%, respectively (Table IV) . Survival curves comparing patients with HFrEF and those with HFpEF are shown in Fig. 3 . Patients with HFrEF had higher mortality than patients with HFpEF, and the increased risk of death in patients with HFrEF was mainly related to cardiovascular causes. 
DISCUSSION
The HF mortality rate was high in our study population at 8.1%, 21.1%, 28.0%, 58.2% and 73.3%, respectively, at one month, six months, one year, five years and ten years. Although many medications and CIEDs can significantly reduce mortality in patients with HF, mortality and readmission rates remain high. (2, 14) In the Asia-Pacific region, patients with HF are reported to receive standard pharmacological treatment and device therapy at a suboptimal rate compared to patients in the West. (6, 15) HF registry data has been reported from many countries, including the United States, Europe and Asia, such as Japan, Korea and Taiwan. ADHERE is a worldwide registry of patients admitted due to HF. Data from the Asia-Pacific region was earlier reported. (11) Our data focused on patients enrolled in the ADHERE Thailand registry ten years ago, aiming to report long-term mortality in this group. Despite the trend towards decreased mortality due to HF, (16) in-hospital mortality is still approximately 2%-7% in both Asian and Western populations. (6, 17) Specific to ADHERE, in-hospital mortality was 4% for the global ADHERE, (12) 4.8% for the Asia-Pacific ADHERE (11) and 5.5% for the Thai ADHERE. (7) The age at presentation of HF was found to be approximately eight years younger in the Asia-Pacific region than in other regions. In addition, disease severity was greater and mortality was higher in the Asia-Pacific ADHERE than in other ADHEREs. (11) In the Thai ADHERE, in-hospital mortality was high compared to that of Western countries and other Asia-Pacific countries, a finding that may be partly related to disease severity and suboptimal treatment with standard medications. (6, 7, 11, 12) Poor outcomes were reported in both Western and Asian populations for patients with a diagnosis of HF. In the United States, HF mortality data at 30 days, one year and five years from the Atherosclerosis Risk in Communities study was 10%, 22% and 42%, respectively, (18) which is lower than our rates at the corresponding time points. However, data from their Medicare patients revealed a one-year mortality rate of 32.2%, slightly higher than our rate. A study from Australia reported 28% mortality at the one-year time point, which is similar to our finding. (19) Although national and regional mortality rates cannot be directly compared due to differences in study population and local management practice, they reflect the overall malignant nature of the condition or combination of conditions referred to as HF. Another study showed that half of HF patients were readmitted to the hospital within six months. (20) Generally, few studies have reported five-and ten-year mortality in HF. The five-year mortality rate of 58.2% in the present study is comparable to rates previously reported in the United States (16, 21) and the United Kingdom. (22, 23) Our ten-year mortality rate of 73.3% is comparable to a rate reported in Scotland. (23) Factors predicting long-term mortality in our study included older age, history of HF, stroke, use of cardiac electronic devices, oedema, low LVEF, anaemia and not receiving ACEIs/ARBs. Previous data also showed that elderly status and comorbidities, such as diabetes mellitus, renal dysfunction, anaemia and atrial fibrillation, were factors that predicted mortality and adverse outcomes in both Asian and Western populations. (24) Low blood pressure itself does not contribute to mortality in HF, but it is a surrogate marker for lower cardiac output state and intolerance to medications. (10, 25) Adherence to guideline-recommended medications has been shown to be associated with better outcomes. (26) Data from the BIOSTAT-CHF (BIOlogy Study to TAilored Treatment in Chronic Heart Failure) study demonstrated that ACEIs/ARBs and betablockers were positively associated with clinical outcome. (27) Studies showed that Asian HF patients received standard medication at a much lower proportion than Western populations. (7, 11, 24, 25) Combined with the more severe clinical presentation observed among Asians during hospital admission, HF appears to be an emerging threat to Asia if a strategy is not developed to confront and overcome this problem. Although a recent clinical trial has shown the potential mortality benefit of new drugs that act on angiotensin receptor and neprilysin inhibition (e.g. sacubitril/valsartan), (28) data relating to the cost-effectiveness of these drugs in Asian populations is still lacking. (29) In our study, 38.5% of patients were in the HFrEF group. The lower proportion of patients in this group may be related to the relatively high number of patients with comorbid diseases such as diabetes mellitus and high blood pressure. This finding is similar to that of the INTER-CHF (International Congestive Heart Failure) study, which showed that the proportion of HFrEF in Southeast Asian populations was 39%, and that there was a greater proportion of comorbid conditions in Southeast Asian patients. (8) Our study found that patients with HFrEF had a higher mortality rate than those with HFpEF. Data from Olmsted County, Minnesota, in the United States showed that long-term mortality over five years was similar between HFrEF and HRpEF, with more than half of all patients deceased after five years. (30) The higher mortality rate in patients with HFrEF in our study was mainly due to increased cardiovascular mortality, although noncardiovascular mortality also had a similar trend (Fig. 3) . HFpEF has been reported as a contributing factor in approximately 40%-50% of HF cases. (30, 31) A recent study indicated that the prevalence and proportion of HFpEF increased with age, so that there was a greater proportion of HFpEF than HFrEF among the elderly. (32) Long-term mortality rates in patients with HFrEF or HFpEF were found to be similar, although there was a trend towards higher mortality in patients with HFrEF. (31) This is similar to the results from our study; however, the five-year mortality rate in a previous report (31) was higher than our rate.
Our study has some limitations. First, it had a relatively small sample size, obtained by tracking the data of patients enrolled in the Thai ADHERE in 2006. However, that baseline data was selected for this study because we consider the quality of Thai ADHERE data to be high.
Moreover, the 2006 data was collected from 18 medical centres located across Thailand and can, therefore, be regarded as representative of HF care and outcomes in Thailand in 2006. Second, as mortality data was collected from the Thailand Bureau of Registration Administration, the quality of the data on the death certificate depended on the judgment and skill of the physician who was in charge at the time of death.
In conclusion, the ten-year mortality rate in Thai patients admitted for acute decompensated HF was 73.3%. Many factors were found to be independently associated with increased mortality. 
